Objective: To examine the effect of increasing the variety of sensorially distinct but nutritionally identical foods on appetite, food intake and body weight, over 7 days, in men. Design: Six younger, lean men (mean (s.d.) age 27.0 (2.9) y; weight 74.7 (3.9) kg; height 1.78 (0.03) m; body mass index (BMI) 23.6 (1.1) kgam 2 ) and six older, overweight men (mean (s.d.) age 39.7 (2.9) y; weight 89.2 (4.4) kg; height 1.78 (0.04) m; BMI 28.1 (0.5) kgam 2 ) were each studied three times during a 9 day protocol, whilst resident in the Human Nutrition Unit. On days 1 ± 2, subjects consumed a medium fat (MF) maintenance diet (40% fat, 13% protein and 47% carbohydrate by energy) calculated at 1.6 Â resting metabolic rate (RMR). On days 3 ± 9 subjects had ad libitum access to MF foods (550 kJa100 g) with every item the same macronutrient composition and energy density. Subjects had continuous ad libitum access to 5, 10 or 15 food items per day on the low-variety (LV), medium-variety (MV) and high-variety (HV) treatments, respectively. The order of treatments was randomized across subjects. Subjective hunger was tracked hourly during waking hours using visual analogue scales (VAS). Body weight (as a proxy of changes in energy balance) was measured before eating and after voiding, each morning. Results: Food and energy intake of the 12 men increased as the variety of foods increased, giving mean energy intakes of 10.13, 11.00 and 11.89 MJaday on the LV, MV and HV treatments, respectively (F(2,20) 10.32; P`0.001). This effect was ascribable almost entirely to the lean men. Energy intake amounted to 1.57, 1.76 and 1.97 Â RMR in the lean men and 1.33, 1.40 and 1.45 Â RMR, for the overweight men on the LV, MV and HV diets, respectively. Weight changes amounted to À0.16, À0.28 and 0.43 kg (lean) À1.03 and À1.52 kg and À0.66 kg (overweight), on the LV, MV and HV diets, respectively. The overweight men may have constrained their energy intake relative to expected requirements. This may have been due to a congnitive effect or an age effect. There was no signi®cant group or diet effect on subjectively rated hunger. Conclusions: These data suggest that increasing the variety of sensorially distinct foods that are virtually identical in composition can increase food and energy intake and in the short to medium term can alter energy balance. Sponsorship: This work was supported by the Scottish Of®ce.
Introduction
It is currently unclear what the relative importance of nutritional and non-nutritional determinants of food and energy intake are. In the past the role of sensory factors in determining levels of energy intake has been investigated using rodent models (Teitelbaum & Epstein, 1962; Treit et al, 1983; Le Magnen, 1992 ) and in short-term studies in humans (Jordan, 1969; Bellisle & Le Magnen, 1981; Rolls, 1986; Mattes, 1987) . However, in the last 15 y attention has tended to focus more heavily on the role that diet composition plays in affecting appetite control and energy balance (Danforth, 1985; Department of Health, 1995) . In reality the nutrient content of foods is often associated with certain sensory characteristics which may affect the sensory stimulation to eat (Drewnowski, 1995 (Drewnowski, , 1997 Blundell & Stubbs, 1997) . Naim and Kare argue that innate preferences for tastes associated with foods such as sugars (sweetness) and salt, and aversions for bitter stimuli (frequently associated with toxic compounds) demonstrate a signi®cant role for the chemical senses in the selection of essential nutrients (Naim & Kare, 1991) . It has also been suggested that foraging animals and humans will adopt food selection strategies which maintain a variety of foods in the diet, in order to maximize the probability of obtaining a balanced nutrient intake. The purported mechanism by which variety in the diet is maintained has been termed sensory speci®c satiety (Le Magnen, 1971) . Satiety is said to be sensory-speci®c in relation to foods because the palatability of food declines as its ingestion proceeds while unsampled foods do not change in perceived pleasantness (Rolls, 1985) . This suggests that once a given amount of a certain food has been ingested its palatability will decline to a point where it is deemed less palatable than other foods. This in turn should promote subsequent selection of those other foods and so maintain a variety of foods ingested in a meal. The sensory speci®c satiety hypothesis also predicts that animals and humans will select more foods as a greater variety of foods is made available, provided these foods differ in their sensory characteristics (Le Magnen, 1971) . In rats, Le Magnen has shown that simply increasing variety of sensorially distinct foods can lead to excess energy intake and weight gain, provided that the variety is constantly rotated. Increases and decreases in variety of sensorially distinct foods that were stable over time had a much less pronounced effect on energy intake (Le Magnen, 1992) . It has also been shown in humans that increased variety of foods made either sequentially or simultaneously available increases very short-term food intake (ie within a meal) (Bellisle & Le Magnen, 1981; Rolls et al, 1981b; Spiegel & Stellar, 1990; Rolls, 1985) . Naim et al points out that it is often concluded from feeding studies in rodents using cafeteria diets that the availability of a varied, palatable diet can induce dietary obesity in rats. The cafeteria diet is often used as a model of dietaryinduced obesity due to exposure to a Western diet. However the cafeteria diet and the Western diet vary in both nutritional and sensory properties. It is important to determine whether the nutritional or sensory attributes of a varied palatable diet promote greater energy intakes or whether both factors may play a role in elevating energy intake. In this regard the work of Naim et al has been important in dissociating the sensory versus nutritional determinants of hyperphagia in one rodent model Ð the rat (Naim et al, 1985; Naim & Kare, 1991) . In their experiments Naim et al altered sensory variety by modi®cations of the¯avour and texture of nutritionally balanced (and nutritionally identical) diets (Naim et al, 1985) . They also altered the nutrient content by partially replacing cornstarch with fats and sugars. They found that, over 23 days, rats fed a variety of nutritionally identical, preferred¯avours and textures, ad libitum in a cafeteria design, did not eat any more than rats fed the same single diet (in nutritional terms), which had no alterations of¯avour and texture. Greater energy intakes were found on the diets varying in sensory attributes only in the ®rst few days of the experiment. Rats fed a high-fat diet with no added¯avours and textures consumed more energy and gained more weight, as did rats fed to a high-fat, highsucrose diet to which¯avours and textures had been added (cafeteria arrangement). These latter two diets promoted hyperphagia and weight gain over the 23 days of the study while simply altering sensory variety did not (Naim et al, 1985) .
It appears form this study that the rats failed to decrease food intake in response to the higher energy density of the higher fat foods (Naim et al, 1985) . This effect has now been repeatedly found in rodents (Warwick & Schiffman, 1992) and humans (Blundell & Stubbs, 1997) . While shorter-term studies in rodents have shown that increases in the variety of sensorially distinct but nutritionally similar foods can elevate food and energy intake (Treit et al, 1983) , the 23-day study by Naim suggested that these effects do not persist in the longer term (Naim et al, 1985) . In humans, increased variety of sensorially distinct foods promotes energy intake in the short term, but it is not known if this effect persists beyond the manipulated meal. To the best of our knowledge there is currently no evidence in humans as to whether alterations in the sensory variety of foods which are virtually identical in macronutrient composition and energy density can affect ad libitum energy intake to the extent that energy balance can be perturbed. A necessary ®rst step in answering this question involves examining whether the short-term effects of alterations in the variety of sensorially distinct foods per se can in¯uence energy intake over several days, or whether within-meal effects are compensated for in subsequent meals, with no net effect on energy balance. This question is important in itself. It also has methodological relevance for the design of ad libitum feeding diets in human appetite studies. The objectives of the present study were (i) to assess the effects of altering the variety of sensorially distinct foods per se that were virtually identical (with respect to macronutrient composition and energy density) on appetite and energy intake over 7 days, and (ii) to compare the responses of lean and overweight men.
Materials and methods

Subjects and subject characteristics
Twelve healthy non-smoking men (six lean and six overweight) were recruited by advertisement; the lean men were 27.0 (s.d. 2.9)-y-old, weighed 74.7 (s.d. 3.9) . No subjects were following any specialized diet or exercise regime. They were interviewed and informed of all the procedures involved but were not told the purpose of the study was to measure energy intake in relation to alterations in the variety of sensorially distinct foods available.
Height was measured at the beginning of the study on a portable stadiometer to the nearest 0.5 cm (Holtain Ltd, Crymych, Wales). Weight was measured on a digital platform scale (DIGI DS-410 CMS Weighing Equipment, London) to the nearest 0.01 kg before the study and each 
Study design
Subjects were each studied for three 9 day periods, throughout which they were resident in, but not con®ned to, the Human Nutrition Unit. There was at least a 5 day interval between each 9 day study period. During the ®rst 2 days they were given a maintenance diet. The energy content of the diet was calculated at 1.6 times RMR and comprised 13% protein, 40% fat and 47% carbohydrate. From days 3 ± 9, subjects were given continuous ad libitum access to a 3 day rotating menu of either the low, medium or high variety foods (meaning variety in sensory attributes). The order of these treatments was randomized across subjects. All foods on this menu were available ad libitum each day. Subjects could eat as much or as little of each food item as they wanted and could forego items if they wanted. Subjects could consume as many servings of food item, or parts thereof for each menu day. Subjects also had ad libitum access to water, decaffeinated tea or coffee with nonnutritive sweetener (Candarel) and were given a 200 g semi-skimmed milk allowance each day. Subjects were asked to maintain their normal activity routine during the study period. They were not allowed to drink any alcohol during the whole period.
Diet manipulation
The general requirements of the ad libitum diet were that it should contain as far as possible foods which were virtually identical with reference to macronutrient composition and energy density. The foods were designed to vary in sensory properties such as taste, texture, smell and appearance. The composition of each foods is given in Appendix 1. The three menus corresponding to the LV, MV and HV treatments are given in Table 1 . Each food had to be palatable and appealing to the subjects. Based on these requirements, 45 food items were formulated for the purpose of the study. Each food item had a similar macronutrient composition of approximately 13% protein, 40% fat and 47% carbohydrate. The energy density was $ 550 kJa100 g wet weight of each food. These foods had the same energy and macronutrient content and energy density as foods used in a previous experiment in the laboratory, with new foods included to give a range of sensory pro®les. The range of sensory pro®les was not actually assessed in the present study because this has been done in a previous study using higher and lower fat versions of the same dishes. In that previous study we asked a panel of 20 subjects to assess the energy and nutrient content of paired high and low fat versions of the same dish. These foods were largely the same dishes as those used in the present study. In that study subjects found the foods to be sensorially distinct (Johnstone et al, 1998) . Furthermore, it is clear from the items described in the menu that the foods were characterized by different sensory pro®les. The ingredients and mode of preparation of these foods can be obtained by contacting the corresponding author. The macronutrient and energy content of each diet was calculated using the current British food composition tables (McCance & Widdowson, 1991) .
Foods were prepared in large batches and frozen in 400 g portions. Water loss from cooking was measured and replaced to maintain the calculated energy density. The sweet snacks, milkshakes and drinks were made up freshly each day. The low-variety menu (LV) had ®ve items, available ad libitum, the medium-variety menu (MV) had 10 items ad libitum, and the high-variety mean (HV) had 15 items ad libitum each day.
All foods were weighed before they were made available to subjects. Each subject was allocated a fridge and a freezer compartment where foods were provided in excess of requirements. Subjects would heat their own meals using a microwave. All the empty containers and leftovers were placed back into the fridge; these were collected the following day, weighed and recorded so that food intake could be measured. Subjects were also required to keep a food diary during the study period in which they recorded food consumed and the times at which it was eaten. Subjects could determine the time, size and frequency but not the composition of each meal.
Hourly hunger ratings
Changes in subjective appetite, hunger and satiety were assessed hourly, during waking hours throughout days 1 ± 9, using visual analogue scales (VAS). The data were collected using an electronic diary card (Apple Newton, Apple Computer Inc. Cupertino, California) as described by Stratton et al (1998) . The questionnaire comprised six questions each corresponding to a 66 mm line divided into 100 points the computer could interpret. The precise questions asked were:`How hungry do you feel?' (Not at all hungryaas hungry as I've ever felt);`how full do you feel?' (Not at all fullaas full as I have ever felt);`How strong is your desire to eat?' (Very weakavery strong);`How much do you think you could eat now?' (Nothing at allaa large amount);`urge to eat?' (No urge to eatastrong want to eat now, waiting is very uncomfortable);`Preoccupation with thoughts of food' (No thoughts of foodavery preoccupied, dif®cult to concentrate on other things). About 15 min after each meal, subjects entered the description of food consumed by tapping the relevant keys on the touch screen keyboard. At this time Effect of food variety on body weight RJ Stubbs et al Table 1 Subjects' 3-day rotating menu for the study. The menu was formulated so that volunteers received one choice on the low-variety menu (LV), two choices on the medium variety (MV) and all three choices on the high-variety (HV), for main courses. Choices were 2, 4 and 6 for the snack categories, respectively Portion sizes were all standard; however additional portions were freely available on request. Extras (available on all diets): 2 g Candarel; 200 ml semi-skimmed milk; decaffeinated tea and coffee are available ad libitum; garnish 1, 30 g cucumber, 40 g lettuce, 30 g tomato; garnish 2, 30 g green pepper, 20 g celery, 10 g cress, 40 g, lettuce; salt or pepper may be added to food to taste; ad libitum access to tap water.
Effect of food variety on body weight RJ Stubbs et al subjects also rated the pleasantness and satisfaction in relation to the meal they had just ingested, according to the methodology of Hill and Blundell (1982) .
Ethical approval
This study was approved by the Joint Ethical Committee of the Grampian Health Board and the University of Aberdeen.
Statistical analysis
Wilcoxon rank sum tests were used to test for differences between the lean and overweight men in`restraint',`emotionality' and`externality'. Food, energy and nutrient intakes were analysed by analysis of variance with subject, run and day as blocking factors and diet and day as factors. Group Â treatment interactions were used to compare the responses of the overweight and lean groups.
Changes in body weight were analysed by analysis of variance with subjects and run as blocking factors and diet as a treatment factor. For each dietary treatment, t-tests were used to test for changes in body weight that were signi®-cantly different from zero.
To satisfy assumptions of normality, a square-root transformation was applied to the visual analogue scores before analysis by analysis of variance with subject, run, day and time as blocking factors and diet, day and time as factors. A square-root transformation was also applied to subjectively rated pleasantness and satisfaction scores. The transformed data sets for both lean and overweight subjects were then analysed by analysis of variance with subject, run and day as blocking factors and diet and day as factors. Analyses of outliers were undertaken, with appropriate plots of residuals used in order to detect outlying observations. The offending values were then checked and altered where appropriate. All analysis was performed using the GENSTAT 5 statistical package (Genstat 5 Committee of the Statistics Department, AFRC, UK). Table 2 contains average food, energy and macronutrient intakes on each of the dietary treatments, for the whole group of subjects and the lean and overweight groups separately, together with F-ratios and probability statistics for the main effects. Considering the group as a whole, food and hence energy intake increased on going from the lowto the medium-to the high-variety diet. There was a 1.76 MJaday increase in energy intake on going from the low-to the high-variety diet (F(2,20) 10.32; P`0.001). Because the composition of the main food items on the diet was virtually constant, protein, carbohydrate and fat increased on going from the low-to the medium-to the high-variety diet. There was a signi®cant interaction between treatment and subject group for food intake (F(2,20) 3.59; P 0.046) and a similar tendency for energy intake (F(2,20) 2.75; P 0.088). For this reason, intakes of the two groups were also analysed separately.
Results
Food, energy and nutrient intakes
Lean subjects ate signi®cantly different amounts of food by weight (F(2,10) 17.29; P`0.001) and by energy (F(2,10) 14.15; P 0.001) on each of the three dietary treatments. Daily energy intakes increased from an average of 10.71 MJaday on the LV diet to 11.94 MJaday on the MV diet and 13.37 MJaday on the HV diet (s.e.d. 0.50). Since diet composition was constant within and between diets, 15.25; P`0.001) also varied between diets, with subjects consuming more of each nutrient as the variety offered increased. Overweight subjects, on the other hand, did not eat signi®cantly different amounts of food or energy (F(2,10) 1.06; P 0.382) or nutrients, on the different dietary treatments. Their average energy intakes were 9.55, 10.05 and 10.41 MJaday, respectively, on the LV, MV and HV diets (s.e.d. 0.59). Table 3 gives the average daily responses for the six questions relating to motivation to eat (for the whole group and each subject group separately) on each dietary treatment, together with the F-ratios and probability statistics for the main effects. Values are given as values out of a maximum value of 100. For the whole group, subjects were signi®cantly more full on going from the LV to the HV diet (F(2,20) 6.31; P 0.008). This was clearly due to a contrast between the LV and the other two diets. There was also a trend towards decreased hunger as energy intake rose from the LV to the HV treatments (F(2,20) 2.74; P 0.089). There were no signi®cant differences in hunger, fullness, desire to eat, urge to eat or thoughts of food between treatments for either the lean or obese groups. There was, however, some evidence that the lean subjects had a lower prospective consumption on the HV diet than on the other two diets (F(2,10) 3.92; P 0.055). Mean values were 46, 45 and 41 on the LV, MV and HV diets, respectively (s.e.d. 1.8). Both groups also appeared to be less full, on average, on the LV diet. Mean values were 43, 46 and 47 (s.e.d. 1.80; P 0.074) for the lean subjects on the LV, MV and HV diets, respectively, and 60, 67 and 65 (s.e.d. 2.65; P 0.068) for the overweight subjects.
Subjectively rated hunger and appetite
Subjectively rated pleasantness and satisfaction There were no signi®cant differences in the perceived pleasantness or satisfaction upon ingestion of meals between (Table 4) . However, there was a trend towards subjects ®nding the MV diet more pleasant than the LV diet (F(2,10) 3.04; P 0.07).
Body weight
There were no signi®cant differences in the amount of weight change between dietary treatments in the lean men (F(2,10) 1.26; P 0.326). On average subjects lost 0.16 and 0.28 kg on the LV and MV treatments and gained 0.43 kg on the HV treatment. None of the weight changes were signi®cantly different from zero. Although not signi®cant at the 5% level, there was some evidence of differences in the amount of weight lost between dietary treatments in the overweight men (F(2,10) 3.14; P 0.088). On the LV treatment subjects lost an average of 1.03 kg (t(5) À3.07; P 0.028), on the MV treatment they lost an average of 1.52 kg (t(5) À4.21; P 0.008) and on the HV treatment they lost an average of 0.66 kg (t(5) À2.17; P 0.082), the statistics denote signi®cant differences from zero.
Discussion
Short-term studies in humans have shown that changes in the variety of similar foods offered at a meal elevate energy intake, compared to one food offered throughout (Bellisle & Le Magnen, 1981; Rolls et al, 1981a,b; Rolls 1985) . Spiegel and Stellar have shown this to be the case in both lean and overweight women (Spiegal & Stellar, 1990) . They also found that simultaneous increases in the variety of foods offered elevates intake as compared to sequential increases in the variety of foods offered in a single meal. Rolls has reported that the greater the dissimilarity between different foods, the greater the variety-stimulating effect on the shortterm intake of foods (Rolls, 1985) . In a number of these short-term studies the composition of foods offered has differed to a greater or lesser extent (eg Spiegel & Stellar, 1990) . It is not known whether these short-term intake-promoting effects of variety of sensorially distinct foods persist beyond the manipulated meal. The present study showed that differences in the variety of nutritionally controlled foods (ie of virtually identical composition) led to differences in food and energy intake in the men over 7 days. On average energy intake increased by $ 0.88 MJaday across each treatment in this group of subjects. It is reasonable to conclude from these results that energy balance can be affected over several days by alterations in the variety of foods available which differ in their sensory but not nutritional characteristics. It is not clear from these data whether these differences in energy intake would persist in the longer term to the extent that body weight would be signi®cantly altered. The study of Naim et al (1985) suggests that in rodents energy intake is not altered in the long term by alterations in variety of sensorially distinct foods alone. The equivalent study in humans has yet to be undertaken. From a methodological point of view, these results indicate that the variety of foods made available in studies of human feeding behavior can in¯uence levels of food intake and hence absolute levels of energy balance. This suggests that studies examining aspects of diet composition on feeding behavior should offer a similar variety of foods on all manipulated diets.
These data are interesting because they show that increasing the variety of sensorially distinct but nutritionally similar foods increase both food and energy intake. Food intake increased by $ 300 gaday on going from the LV to the HV treatment. This is a potentially potent effect on energy intake and balance because subjects actively increased the amount of food they ingested. These results can be contrasted to the effects of increasing dietary fat and energy density on the energy intakes of six lean men over the same length of time, using similar feeding conditions in a previous study (Stubbs et al, 1995) . In that experiment six men were studied on three occasions during 7 days wholebody indirect calorimetry, throughout which they had ad libitum access to one of three covertly manipulated diets: low-fat (LF) (20:67:13% fat:CHO:protein by energy; 480 kJa100 g); medium-fat (MF) (40:47:13%; 559 kJa 100 g); high-fat (HF) (60:27:13%; 704 kJa100 g). Energy intakes increased with percentage fat (F(92,60) 36.7; P`0.001), producing average daily intakes of 9.03, 10.22 and 12.36 MJaday and energy balances of À0.27, 0.77 and 2.58 MJaday on the LF, MF and HF diets, respectively. In that study mean daily food intakes were very similar at 2.10, 2.05 and 2.00 kgaday on the LF, MF and HF diets respectively. These differences in energy intake and balance were a passive response to changes in the energy density of the diet in the form of fat, since there was no change in food intake and no change in hunger or appetite across dietary treatments. The present study suggests that the sensory stimulation to eat can be potentially potent since it leads to active changes in food intake. It has also been shown by Blundell's group that combinations of sensory attributes associated with mixtures of fat and sugar can have a large effect on energy intake at a speci®c feeding episode (Green & Blundell, 1996) . This suggests that increases in energy intake will be strongly favoured by the combination of facilitative sensory attributes of foods (which promote active increases in food and energy intake) with aspects of diet composition which elevate energy density (and promote passive increases in energy intake).
Differences in the response of lean and overweight subjects Ostensibly the results of this study suggest that lean men appear less able to control energy intake in relation to changes in the variety of sensory attributes of foods than are overweight men. Indeed, these results appear even more remarkable given that the overweight men were only mildly overweight. However, the overweight men lost weight on all treatments, which was signi®cantly different from zero on the LV and MV treatments. It should be noted here that dayto-day variation in body weight was relatively high for both groups, which means that body weight can only be used as Effect of food variety on body weight RJ Stubbs et al an approximate`rule of thumb' of change in energy balance, over the 7 days of this study. When energy intake was expressed as a multiple of RMR it was 1.57, 1.76 and 1.97 Â RMR in the lean men and 1.33, 1.40 and 1.45 for the overweight men on the LV, MV and HV diets, respectively. Since energy expenditure would be unlikely to have been below $ 1.5 Â RMR in the overweight men, it can be inferred that the overweight men constrained their energy intake relative to expected energy requirements. The overweight men may therefore have cognitively restrained their food intake throughout the study. While average scores for restraint',`emotionality' and`externality' were higher in the overweight than the lean men, these differences did not attain signi®cance. We believe it is likely that the difference in feeding behavior between these two groups was more related to the psychological disposition of the subjects rather than the differences in their body mass index per se. Similar differences in feeding behaviour due to a tendency to cognitively constrain energy intake have been observed in relation to overt manipulations of dietary fat content. Westerterp-Plantenga et al (1998) has previously reported a similar phenomenon, during an intervention lasting 6 months, in which 117 subjects had`free access' to 45 reduced-fat foods (comprising around 37% of daily energy intake) and control group of 103 subjects had free access to about 45 commercially available full-fat products. These reduced and full-fat products were termed`free-access' products, since subjects were encouraged to use them as part of their ad libitum diet. Subjects selected the remainder of their diet from their normal everyday foods. When subjects were divided into two groups on the basis of dietary restraint, it was found that consumption of the reduced-fat diet, in combination with a lower restraint score, resulted in energy intake compensation and weight maintenance. Weight reduction was the consequence of consuming a reduced-fat diet in combination with higher restraint scores and presumably restrained eating behaviour. A fullfat diet combined with a lack of dietary restraint led to increased energy intake. Subjects with a high restraint score did not gain weight on the full-fat diet, inferring that restrained eating behaviour prevented weight gain on that diet. Our interpretation of the results of our present study is that the lean and overweight men responded to alterations in the variety of sensory attributes in a similar manner to the responses of restrained and unrestrained subjects in the study by Westerterp-Plantenga et al (1998) . The overweight men may have been intending or hoping to lose weight (or at least not to gain weight) during the protocol.
Alternatively, it has been suggested to us that the between-group differences could be due to age effect per se. Given that age was not matched across groups, this is a clear possibility which cannot be excluded. However, we cannot ®nd any reason in the literature why older subjects who are fatter would respond differently or tend to consume less energy than they required on the basis of age alone. We accept that the elderly may respond differently as a result of senescence, but the mean age of the overweight men was below 40 y. We therefore currently favour the restraint hypothesis. Nonetheless it is important to note that neither hypothesis can be excluded on the basis of these data.
The effects of changes in food intake on subjective hunger and appetite The differences in food intake between the dietary treatments did not go entirely unnoticed by both the lean and the overweight subjects. For the whole group, hunger tended to decrease and fullness increased, as food and energy intake rose across treatments. Considering the two groups separately, it is not surprising that this effect was more pronounced in the lean subjects. They had greater differences in food intake between treatments and two of the six responses for motivations to eat (prospective consumption and fullness) were affected as opposed to 1 (fullness) for the overweight subjects. For the lean groups, all responses relating to motivation to eat were consistent with the changes in food intake but did not attain signi®cance. For the overweight group differences in motivation to eat were less pronounced between treatments, which is also consistent with the similarity in food intake between the treatments. The reponses of the overweight group generally signi®ed a lower motivation to eat than those of the lean group. It is not possible to clearly discern from this experimental design whether this effect re¯ects differences in the use of the visual analogue scale by the two groups or differences in response to the diets. However, examination of the data for the two maintenance days prior to each treatment gives some insights into group differences in the use of the scales when fed to the same level of energy balance. There were group effects for fullness (F(1,10) 31.78; P`0.0001) and prospective consumption (F(1,10) 9.40; P 0.012). Mean values for fullness were 45 and 65 (s.e.d. 4) for lean and OW. Mean values for prospective consumption were 47 and 32 for lean and OW (s.e.d. 7). The lean were more hungry, less full etc on day 2 than on day 1, whereas the OW were less hungry etc on day 2. These data suggest that to some extent the overweight subjects were more inclined to use lower scores for motivation to eat throughout the study.
Limitations of the present results
The experimental design (and hence conclusions arising from it) was subject to the following constraints. (i) The subjects' response in terms of food intake could only vary quantitatively. Selection of different foods, which vary in composition andaor energy density, was precluded. (ii) the experimental environment of the Human Nutrition Unit allows great precision and accuracy with respect to dietary intakes and diet formulation, while maintaining Ð as far as possible Ð the naturalistic appearance, taste and texture of foods. However, these are not all common, familiar or`real' foods. Furthermore the energy density of the ad libitum diets was constant across food items. This does not occur in real life. Equal attention should be given to studies conducted in more naturalistic environments. (iii) This experiment used six lean and six overweight men as the study population. It may be inappropriate to extrapolate these ®ndings to other Effect of food variety on body weight RJ Stubbs et al groups in the population such as women, older subjects or obese subjects. (iv) The present study is of a relatively short duration and caution should be exercised when extrapolating conclusions to longer term energy balance. (v) We must admit that, prior to the completion of this study we overlooked the difference in the ages of the two groups of subjects. On average, the overweight men were 13 y older than the lean men. Thus age and weight are confounded in the between-group comparison. This does not invalidate the main ®nding of the study, but leaves open the possibility that the difference between the lean and overweight men could have been in¯uenced by age. We can, however, ®nd no evidence in the literature that an age difference of this magnitude in men over 20 and below 40 would have had a large effect on feeding behavior. This nonetheless remains a major limitation of the present study. Whatever our preferred hypothesis, this issue cannot be completely resolved by this dataset.
Conclusions
Increasing the variety of nutritionally very similar but sensorially distinct foods available ad libitum led to a signi®cant increase in food and energy intake in 12 lean and overweight men. This effect was almost entirely attributable to the lean rather than the overweight men. The difference between the groups may have been due to (i) cognitive restraint on the part of the overweight men or (ii) the fact that on average they were 13 y older than the lean men. This issue remains to be resolved. We currently favour the restraint hypothesis. Altering the variety of sensorially distinct foods led to an active change in food intake which in¯uenced energy balance over 7 days. In rodents it has been found that this effect diminishes over several weeks. The longer-term effect of altering the variety of nutritionally similar but sensorially distinct foods on human energy balance is yet to be determined. 
Appendix 1
